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Abstract
Background—Nicotine dependence has been shown to represent a heritable condition, and
several research groups have performed linkage analysis to identify genomic regions influencing
this disorder though only a limited number of the findings have been replicated.
Methods—In the present study, a genome-wide linkage scan for nicotine dependence was
conducted in a community sample of 950 probands and 1204 relatives recruited through the UCSF
Family Alcoholism Study. A modified version of the Semi-Structured Assessment for the Genetics
of Alcoholism (SSAGA) with additional questions that probe nicotine use was used to derive
DSM-IV nicotine dependence diagnoses.
Results—A locus on chromosome 2q31.1 at 184 centimorgans nearest to marker D2S2188
yielded a LOD score of 3.54 (point-wise empirical p-value = .000012). Additional peaks of
interest were identified on chromosomes 2q13, 4p15.33-31, 11q25, and 12p11.23-21. Follow-up
analyses were conducted examining the contributions of individual nicotine dependence
symptoms to the chromosome 2q31.1 linkage peak as well as examining the relation of this
chromosomal region to alcohol dependence.
Conclusions—The present report suggests that chromosome 2q31.1 confers risk to the
development of nicotine dependence and that this region influences a broad range of nicotine
dependence symptoms rather than a specific facet of the disorder. Further, the results show this
region is not linked to alcohol dependence in this population, and thus may influence nicotine
dependence specifically.
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Tobacco-related illnesses have been estimated to claim 435,000 lives annually, thus
constituting a serious and costly public health issue (Mokdad et al., 2004). Twin studies
suggest a substantial genetic component to the development of nicotine dependence (e.g.,
Carmelli et al., 1990; Kendler et al., 1999; True et al., 1999),and a recent meta-analysis
reported heritability estimates for smoking initiation ranging from 37–55% and persistent
smoking ranging from 46–59% (Li et al., 2003).
Given such evidence several genome-wide linkage analyses have been conducted for a
variety of tobacco-related phenotypes (e.g., DSM-IV nicotine dependence [American
Psychiatric Association, 1994], smoking quantity, and the Fagerstrom Nicotine Dependence
Scale [Heatherton et al., 1991]) to identify susceptibility loci related to nicotine dependence
(Li, 2008). The earliest studies were conducted using an extended family design in the
Collaborative Studies on the Genetics of Alcoholism (COGA) sample (Duggirala et al.,
1999) and a sib-pair design in samples collected in Christchurch, New Zealand and
Richmond, Virginia USA (Straub et al., 1999). Following these initial studies, more than 20
genome-wide linkage scans of tobacco-related phenotypes have been published, and several
susceptibility regions have been identified across studies, including regions on chromosomes
9, 10, 11, and 17 (Li, 2008).
Association studies have begun to identify specific genes that underlie these linkage regions.
For example, three independent studies have reported evidence of linkage between nicotine-
related phenotypes and a region of chromosome 17 (20–65 cM) (Duggirala et al., 1999; Li et
al., 2008; Wang et al., 2005). A recent candidate gene study suggested polymorphisms in the
nicotinic acetylcholine beta 1 receptor subtype gene (CHRNB1) may be responsible for this
linkage signal (Lou et al., 2006). Additionally, studies conducted using the COGA sample
have reported evidence of linkage between nicotine-related phenotypes and chromosome 2
at 85 cM (Bergen et al., 1999; Bierut et al., 2004). This region includes the neurexin 1 gene
(NRXN1), which contains polymorphisms associated with nicotine dependence in a recent
genome-wide association study (GWAS) (Bierut et al., 2007) as well as recent candidate
gene studies (Nussbaum et al., 2008; Sherva et al., 2008). These studies demonstrate the
progress being made in understanding the genetic contributions to tobacco-related
phenotypes and how linkage analysis has aided in the identification of susceptibility loci for
such traits.
In addition to identifying susceptibility loci for nicotine dependence specifically, several
studies have tried to identify loci that contribute to substance dependence more generally by
searching for genomic regions that confer risk to both nicotine and alcohol dependence.
Such studies are justified by twin studies indicating a shared genetic etiology between these
two disorders (Swan et al., 1997; True et al., 1999), and several have reported positive
findings. For example, data from the COGA sample suggest that the susceptibility locus on
chromosome 2 containing NRXN1 contributed to both nicotine and alcohol dependence
(Bergen et al., 1999). Further, a study of the Mission Indian population found that the
chromosome 4 region containing the alcohol dehydrogenase gene cluster contributed to
increased risk for both disorders (Ehlers and Wilhelmsen, 2006). In addition, a Finnish twin
sample was used to identify loci on chromosomes 7 and 11 (Loukola et al., 2008) and
sibling pairs collected in Ireland were used to identify loci on chromosomes 7 and 18
(Sullivan et al., 2008) conferring risk for both disorders. Such studies provide important
insights into how different chromosomal regions confer risk to substance dependence
Gizer et al. Page 2













whether it is towards a specific substance or towards a more general tendency toward
addictive behavior.
The current study conducted a genome-wide linkage scan for nicotine dependence in the
UCSF Family Alcoholism Study to support and extend previous findings. Linkage peaks
were followed-up by analyzing each of the 14 nicotine dependence symptoms assessed by
the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) (Bucholz et al.,
1994) to identify those symptoms responsible for the reported linkage signals. A further aim
was to determine whether the linked genomic regions contributed to nicotine dependence
specifically, or whether they might confer increased risk to addiction more generally by
showing evidence of linkage to both alcohol and nicotine dependence. Thus, supplementary
genome-wide linkage scans of nicotine dependence were conducted utilizing alcohol




The present study utilized participants from the UCSF Family Alcoholism Study (Seaton et
al., 2004; Vieten et al., 2004), which consists of 2524 participants from 890 families
(average size = 2.83 members). The UCSF study was a nationwide study on the genetics of
alcoholism and other substance dependence designed to recruit a large number of small
family pedigrees enriched for alcohol dependence. Probands were sampled from the
community and invited to participate if they met screening criteria for alcohol dependence at
some point in their lifetime and had at least one sibling or both parents available to
participate. Probands were excluded if they reported serious drug addictions (defined as use
of stimulants, cocaine, or opiates daily for more than 3 months or weekly for more than 6
months), any history of intravenous substance use, a current or past diagnosis of
schizophrenia, bipolar disorder, or other psychiatric illness involving psychotic symptoms
(those with depressive and anxiety disorders were accepted), a life-threatening illness, or an
inability to speak and read English. Relatives of qualifying probands were invited by mail to
participate.
The UCSF Family Alcoholism Study sample consisted of 1548 women and 976 men with a
mean age of 48.5 ± 13.4 years. The mean educational level of the sample was 14.3 ± 2.9
years, and the mean annual income was $54,672 ± $53,421 (median, $45,000). The racial
distribution was 92% Caucasian, 3% each African American and Hispanic, and 1% each
Native American and other. No attempt was made to exclude or over sample minorities.
Three hundred and sixty-five participants (15%) were diagnosed with nicotine dependence
only, 464 (18%) were diagnosed with alcohol dependence only, and 880 (35%) were
diagnosed with both disorders.
An unselected general population sample of 147 individuals was recruited to assess
phenotype base rates. Letters were sent to residents of the same geographical areas as the
family samples, requesting participation in a study on “health behaviors and characteristics”
to avoid a sample biased toward participation in a study on alcoholism. No inclusion/
exclusion criteria were applied aside from the ability to respond to the telephone interview
and complete the questionnaires. Within this population, 36 participants (24%) were
diagnosed only with nicotine dependence, 14 (10%) were diagnosed only with alcohol
dependence, and 11 (7%) were diagnosed with both disorders. The recruitment details of all
participants have been previously published (Seaton et al., 2004; Vieten et al., 2004).
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All participants were administered a modified version of the SSAGA (Bucholz et al., 1994),
an interview developed by COGA, which was used to diagnose DSM-IV alcohol and other
substance dependence and abuse and to collect demographic, medical, psychiatric, alcohol,
nicotine, and other drug-use history. This modified version of the SSAGA included
questions assessing each of the DSM-IV substance dependence symptoms as applied to
tobacco use as well as a question assessing whether these symptoms occurred within a 12-
month period to allow for the assignment of DSM-IV diagnoses of nicotine dependence.
Participants that did not meet criteria for DSM-IV nicotine dependence included those that
had never smoked as well as those that had smoked but did not meet full diagnostic criteria.
Only sections of the SSAGA assessing DSM-IV alcohol and substance misuse diagnoses
were administered due to time constraints.
DNA Collection and Genotyping
The DNA extraction procedure and genotyping protocol have been previously described
(Wilhelmsen et al., 2003). Briefly, DNA was isolated from whole blood using a commercial
kit (Gentra, Minneapolis, MN), and genotypes for a panel of microsatellite polymorphisms
were generated using fluorescently labeled polymerase chain reaction (PCR) primers (HD5,
version 2.0; Applied Biosystems, Foster City, CA). The HD5 panel set consisted of 811
markers with an average marker-to-marker distance of 4.6 cM (maximum, 14 cM) and an
average heterozygosity of greater than 77%. The sizes of marker amplimers were
determined (blinded to pedigree structure and subject characteristics) from the
electropherogram using the Genotyper software package (ABI). All electropherograms were
visually inspected and exported from Genotyper in base pair sizes relative to the standard
measured to one hundredth of a base pair. Allele frequencies observed in the founders were
used for all analysis. The sex-averaged marker map order obtained from the manufacturer
was used and verified with the family data from the current sample.
Prior to analysis, a number of quality control steps were undertaken to ensure the accuracy
of the genotype calls. First, the Pedigree Relationship Statistical Test (PREST) (McPeek and
Sun, 2000) software was used to identify sample and pedigree structure errors based on the
genotypes for autosomal markers. For those individuals in which a probable error was
detected, DNA was reisolated from a stored frozen blood specimen and the genotyping was
repeated. If the error could not be resolved, the problematic genotype was subsequently
treated as missing. Fifteen families were identified with pedigree structure errors. Five were
resolved following re-genotyping. Second, Mendelian errors were identified using the
program Pedcheck (O'Connell and Weeks, 1998). When isolated Mendelian errors were
observed, the genotypes for the entire family were excluded for the marker yielding the
error. Markers exhibiting a high rate of Mendelian errors across families were excluded
from subsequent analysis. Pedcheck identified 3104 Mendelian errors resulting in 7714 lost
genotypes and the exclusion of one marker. Third, the error-checking algorithm
implemented in MERLIN (Abecasis et al., 2002) was used to assess the probability that each
genotype was correctly called. A total of 1867 genotypes with probabilities of less than
0.025 of being correct were removed from further analysis. Following these quality control
procedures, a total of 1,269,708 genotypes were accepted for analysis with a success rate of
99.6%.
Analysis
Both genotype and phenotype data were available for 1647 individuals, and phenotype but
not genotype data were available for 875 individuals. Participants not genotyped included
relatives of genotyped probands that did not provide DNA samples and probands and their
relatives not belonging to a genetically informative pedigree. Notably, rates of alcohol and
nicotine dependence remained unchanged when participants not genotyped were removed
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from the sample (data not shown). Seven hundred and thirteen families that contained
sibling, half-sibling, avuncular or cousin pairs were considered genetically informative for
linkage analysis. These families ranged in size from 3 to 20 subjects (average 4.63±2.13).
The data includes: 1085 sibling, 40 half sibling, 17 grandparent-grandchild, 238 avuncular,
and 32 cousin relative pairs. An additional 177 families contained only a single individual
with phenotype data. These individuals were included within some analyses to the extent
that they contribute information about trait means and variance and the impact of covariates.
Initial analyses were conducted to determine the potential of the DSM-IV nicotine
dependence diagnosis and each of its 14 dichotomously scored symptoms as assessed by the
SSAGA to exhibit evidence of linkage. Using a variance components approach, SOLAR
(Almasy and Blangero, 1998) estimates h2 by partitioning the trait relative pair covariance
into additive genetic and environmental contributions while correcting for participants’ age
and gender. The probability that h2 was greater than zero was determined using a Student's t-
test, which was used to evaluate the potential of the nicotine dependence diagnosis and its
constituent symptoms to detect linkage.
The variance components approach to linkage incorporates information from affected and
unaffected participants by estimating linkage across the entire pedigree (Almasy &
Blangero, 1998), and has been shown to possess comparable statistical power compared to
relative-pair based methods (i.e., Kong and Cox statistic (1997)) for both quantitative (Amos
et al., 1997) and dichotomous phenotypes (Duggirala et al., 1997). Thus, the variance
components approach implemented in SOLAR was used to calculate multipoint LOD scores
across the genome at 1 cM intervals for DSM-IV nicotine dependence. Peaks that achieved a
LOD score greater than 1.0 were reported as regions of interest as suggested by Lander and
Kruglyak (1995).
Dichotomous phenotypes were modeled as latent normally distributed variables with a
threshold above which an individual was considered "affected". It is notable that when
applied to dichotomous phenotypes variance components linkage analysis can yield inflated
LOD scores if distributional assumptions are violated (Duggirala et al., 1997). To protect
against this potential bias, allele-sharing probabilities for a simulated locus under the null
hypothesis of no linkage were generated across 250,000 trials (Duggirala et al., 2001), an
approach shown to yield appropriate Type I error rates (Jung et al., 2006). The distribution
of simulated LOD scores was used to calculate point-wise estimates of significance
according to the formula p = (r+1)/(n+1) where r = the number of simulated values greater
than the observed value and n = the number of simulations (North et al., 2002). As a further
protection relative- -pair analyses utilizing the Kong and Cox (1997) statistic as
implemented in MERLIN (Abecasis et al., 2002) were conducted for each reported linkage
peak to test whether evidence for linkage was robust across analytic methods. All p-values
were interpreted using guidelines suggested by Lander and Kruglyak (1995).
SOLAR also allows for the simultaneous analysis of multiple traits as well as the inclusion
of multiple covariates. In the bivariate case, SOLAR estimates the proportion of variance in
each phenotype that can be explained by a genetic locus as well as estimating the proportion
of the genetic correlation between the phenotypes that can be explained by this locus. To
ensure that reported linkage peaks were not the result of a small subset of pedigrees,
homogeneity tests were performed using the SOLAR HLOD (Goring, 2002). This test
contrasts a null model in which families belong to a single distribution exhibiting genetic
linkage to the tested locus against an alternative model in which families belong to one of
two distributions only one of which shows evidence of genetic linkage to the tested locus.
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For the linkage analysis of the 14 SSAGA nicotine dependence symptoms, the support
intervals for reported linkage peaks were defined as the region surrounding a linkage peak
yielding a LOD score that was greater than the maximum LOD – 1 in each direction. Only
these support intervals were subjected to linkage analysis to reduce the number of statistical
tests. Further, LOD scores were only interpreted as a measure of magnitude and were not
used to determine significance given the exploratory and descriptive nature of these
analyses. Because the current sample was selected for alcohol dependence, which is highly
correlated with tobacco use (Miller and Gold, 1998), prevalence rates for nicotine
dependence and its respective symptoms were estimated in the unselected control sample
and included in the tested models to correct for ascertainment bias when calculating h2 and
linkage. Finally, allele frequencies used to calculate allele sharing probabilities between
relative pairs were estimated using study participants from varying ethnic backgrounds. This
approach can lead to biased allele frequency and sharing probabilities amongst minority
participants. Thus, analyses were conducted for the full sample as well as restricting the
sample to only Caucasian participants. To eliminate the potential for the described bias,
results for the Caucasian only sample are reported, though notably only small changes were
observed in LOD scores across analyses (ΔLOD < .05 for the variance components analysis
and ΔLOD < .4 for the relative pair analysis).
Results
The h2 estimate for the nicotine dependence diagnosis was significantly greater than 0 (p<.
001), as were the h2 estimates for 13 of the 14 nicotine dependence symptoms (p<.05). The
remaining symptom, ‘Continued smoking despite physical illness,’ approached significance
(p = .08).
Variance components linkage analysis of the nicotine dependence diagnosis yielded
evidence for linkage on chromosome 2 at 184 cM nearest marker D2S2188 with an
associated LOD score of 3.54, which achieved genome-wide significance (point-wise
empirical p = .000012) (see Table 1). The parallel relative-pair analysis also revealed a
linkage peak in this region at 164 cM nearest marker D2S151 that failed to reach genome-
wide significance (All pairs - LOD = 2.98, point-wise empirical p = .00012), but
nonetheless, suggested the evidence for linkage to this region was robust across analytic
methods. The shift in location of the linkage peaks likely resulted from differences in LOD
score calculations across methods given that the same IBD estimates were used for both sets
of analyses.
Notably, there was no evidence of heterogeneity in LOD scores across pedigrees as each
family had an estimated alpha, interpreted as the probability of a given family belonging to a
single population yielding evidence for linkage, that was >0.99 for each peak as estimated
by the SOLAR HLOD function (Goring, 2002). Linkage analysis of the 14 nicotine
dependence symptoms assessed by the SSAGA across the support interval of this peak
(181–192 cM) showed that the symptom ‘thought a lot about quitting or cutting down’
yielded the strongest evidence for linkage (LOD = 2.66). The symptoms ‘tobacco had less
effect with continued regular use’ (LOD = 1.74), ‘found self smoking more than intended’
(LOD = 1.45), and ‘continued to smoke despite tobacco-induced emotional problems’ (LOD
= 1.05) also appeared to contribute to the observed linkage peak (see Table 2 for complete
results).
Four additional loci yielded notable evidence of linkage (Table 1). The first locus
represented a second peak located on chromosome 2 at 123 cM nearest marker D2S160
(LOD = 1.95, point-wise empirical p = .00144) with a support interval that extended from
109 – 132 cM. The second locus was found on chromosome 4 at 27 cM nearest markers
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D4S403 and D4S419 (LOD = 1.22, point-wise empirical p = .00973) with a support interval
that extended from 7 – 43 cM. The third peak was found on chromosome 11 at 135 cM
nearest marker D11S4126 (LOD = 1.11, point-wise empirical p = .01292) with a support
interval that spanned 106 – 146 cM, and the fourth locus was found on chromosome 12 at 50
cM nearest markers D12S1640 and D12S345 (LOD = 1.51, point-wise empirical p = .
00452) with a support interval that extended from 37 – 67 cM. Notably, the parallel relative
pair analyses only found evidence of linkage to the peak on chromosome 2 at 123 cM,
though this evidence was fairly weak (All pairs LOD = 1.21, point-wise empirical p=.
00929).
Linkage results for the nicotine dependence diagnosis were then compared to the results
from a previous linkage scan of alcohol dependence. None of the regions reported in the
previous scan yielded evidence of linkage to nicotine dependence. Additionally, when
nicotine dependence was included as a covariate in a linkage analysis of alcohol
dependence, LOD scores for the alcohol dependence diagnosis approached 0 in those
regions that showed linkage to nicotine dependence in the present report (Table 3). These
results provide evidence suggesting that the regions reported here confer risk towards
nicotine but not alcohol dependence.
This conclusion was supported by subsequent analyses in which the alcohol dependence
diagnosis was included in the linkage analysis of nicotine dependence first as a covariate
and then as a second phenotype in a bivariate analysis. For the reported peak on
chromosome 2 at 184 cM, a slight increase in the initial LOD score was observed when the
alcohol dependence diagnosis was added as a covariate (from 3.54 to 3.57), whereas a drop
in the LOD score was observed for the bivariate analysis (from 3.54 to 2.17) that probably
occurred because of corrections for the inclusion of additional parameters. This result
suggests this region confers risk towards nicotine but not alcohol dependence (see Figure 2).
Similar conclusions were made regarding the remaining peaks of interest (see Table 3 for
complete results).
Discussion
The primary aim of the current study was to conduct a genome-wide linkage scan of nicotine
dependence in the UCSF Family Alcoholism Study sample to support and extend the
findings of previous studies. A linkage peak was observed on chromosome 2 at 184 cM that
achieved genome-wide significance when a variance components approach was used based
on criteria described by Lander and Kruglyak (1995). This region continued to yield strong
evidence for linkage when the Kong and Cox (1997) statistic was used to test for linkage,
but failed to reach genome-wide significance. This divergence in the results limits claims of
genome-wide significance, though the consistency in LOD scores across analytic methods
provides strong evidence of linkage to this region. Additional peaks of interest were found
on a second region of chromosome 2 at 123 cM, chromosome 4 at 27 cM, chromosome 11 at
135 cM, and chromosome 12 at 50 cM, though these should be interpreted tentatively given
the weaker evidence for linkage.
The linkage region on chromosome 2 at 184 cM has been previously identified as harboring
a susceptibility locus for nicotine dependence (Loukola et al., 2008; Straub et al., 1999). The
first study reported a linkage signal approximately 35 megabases centromeric, and the
second study reported a linkage signal approximately 32 megabases telomeric of the peak
reported in this study. In addition, a locus on the short arm of chromosome 2 at 85 cM,
which contains NRXN1, has been previously linked to both nicotine and alcohol dependence
(Bierut et al., 2007; Nussbaum et al., 2008; Yang et al., 2005), but this locus is
approximately 100 megabases from the locus identified in the present study.
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There are potential candidate genes within the support interval of the locus reported here.
For example, the nicotinic acetylcholine α1 gene (CHRNA1) is located near the center of the
reported linkage peak. Although originally thought to be found only in muscle tissue, recent
gene expression studies have found this gene to be expressed in brain as well (Su et al.,
2004) suggesting a potential role in nicotine addiction. Evidence for an association between
this gene and smoking behavior has been previously reported (Faraone et al., 2004), but
negative findings have also been described (Sherva et al., 2008). In addition, SNPs located
in the nearby growth factor receptor-bound protein 14 (GRB14) and grancalcin (GCA) genes
were recently associated with nicotine dependence in a genome-wide association study
(GWAS) (Vink et al., 2009). Potential mechanisms through which one or both of these
genes might confer risk to nicotine dependence are not clear. GRB14 is thought to be
involved in insulin receptor signaling and may influence signaling pathways that regulate
growth and metabolism (Carre et al., 2008). GCA may be involved in the migration and
adherence of neutrophils (Jia et al., 2000). Thus, further studies are necessary to determine
whether a causal variant is located in GRB14 or GCA or whether the associated SNPs are in
linkage disequilibrium with a causal variant located in a nearby gene such as CHRNA1.
Follow-up analyses of the chromosome 2 linkage peak showed that SSAGA symptoms
encompassing a broad range of DSM-IV nicotine dependence symptom clusters, including
evidence of tolerance, inability to quit smoking, escalating pattern of use, and persistent use
despite negative health consequences, provided modest contributions to the linkage signal.
This suggests the chromosome 2 locus at 184 cM confers risk for nicotine dependence in
general rather than a specific facet of this disorder. As further evidence of this conclusion, it
is notable that the linkage analysis of the nicotine dependence diagnosis yielded a higher
LOD score than any of the individual nicotine dependence symptoms (LOD = 3.54 vs. max
LOD = 2.66). These results are consistent with a previous study demonstrating that a single
genetic factor can explain a predominant proportion of the common variation between
DSM-IV nicotine dependence symptoms (Lessov et al., 2004).
A further aim of this study was to determine whether the reported genomic regions
contributed to nicotine dependence specifically or to addiction more generally by showing
evidence of linkage to both alcohol and nicotine dependence. The former conclusion was
supported as no overlap between linkage signals reported in the present study were observed
with those reported in a previous linkage study of alcohol dependence to chromosomes 1 at
11cM, 2 at 287 cM, 8 at 163 cM, and 18 at 48 cM (Gizer et al., unpublished observation).
Further, supplementary genome-wide linkage scans of nicotine dependence utilizing alcohol
dependence diagnoses alternatively as a covariate and as an additional predictor in a
bivariate analysis showed little evidence of linkage between alcohol dependence and the
regions reported herein. This suggests that the susceptibility loci identified in the present
study are specifically involved in the etiology of nicotine dependence and are unrelated to
alcohol dependence.
This result was somewhat surprising given the strong correlations between drinking and
smoking behaviors (Miller and Gold, 1998). Twin studies suggest that common genetic
influences are partially responsible for the observed correlation (Swan et al., 1997; True et
al., 1999), though disorder-specific genetic influences have been identified as well (Kendler
et al., 2007; Volk et al., 2007). Nonetheless, previous family-based samples selected for
alcohol dependence have identified genetic loci that confer risk to alcohol and tobacco use
phenotypes. For example, loci on chromosomes 2 (Bierut et al., 2004), 4 (Ehlers and
Wilhelmsen, 2006), 7 (Loukola et al., 2008; Sullivan et al., 2008), and 18 (Sullivan et al.,
2008) have been shown to contribute jointly to alcohol and nicotine dependence The lack of
such findings in the present study suggest that unique genetic influences contributed to
nicotine and alcohol dependence in the UCSF Family Alcoholism Study.
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The reported findings have important implications for molecular genetic studies of nicotine
dependence, but there are limitations that should be noted. For example, the UCSF Family
sample was originally selected for alcohol dependence. Thus, it is not clear how the reported
findings will generalize to populations without this bias, though a previous study reporting
evidence of linkage to the chromosome 2 region used a sample selected for nicotine rather
than alcohol dependence (Loukola et al., 2008). Additionally, categorizing ‘never smokers’
and ‘not nicotine dependent’ participants as unaffected individuals may have influenced
study results (Munafo et al., 2004). Given that unique genetic influences contribute to the
initiation and persistent use of tobacco (Madden & Heath, 1995), combining these
participants into a single unaffected category likely limited our ability to detect these unique
genetic influences. Nonetheless, there is substantial overlap in the genetic influences
contributing to these stages of tobacco use (Sullivan and Kendler, 1999), providing
justification for this approach. The statistical power of the present study is another possible
limitation. Linkage studies lack sufficient statistical power for identifying loci with small
effects, and this may explain the lack of support for loci such as chromosomes 9q and 10q
that have been previously linked to nicotine dependence.
In summary, the current study adds to the literature by supporting evidence of genetic
linkage of chromosome 2q to nicotine dependence. This study extends this finding by
showing that this region confers risk to the full nicotine dependence diagnosis rather than a
specific facet of the disorder. Finally, the present study suggests this locus, as well as the
additional loci identified, confers risk to nicotine but not alcohol dependence, thus providing
evidence that this genomic region may harbor a gene specifically involved in the
physiological effects and/or metabolism of nicotine.
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Multipoint linkage analysis for Nicotine Dependence for the entire genome. Chromosome
numbers are represented on the x-axis, and LOD scores are represented on the y-axis.
Results for each chromosome are aligned end to end with the p terminus on the left. Vertical
lines indicate the boundaries between chromosomes.
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Linkage analysis for the nicotine and alcohol dependence phenotypes on chromosome 2.
Gizer et al. Page 14



























































































































































































































































































































































































































Gizer et al. Page 16
Table 2





Thought a lot about quitting 191 2.66
Effects of tobacco decreased over time 184 1.74
Smoked more than intended 191 1.45
Smoked despite emotional problems 191 1.05
Smoked despite having serious illness 190 0.96
Needed to smoke more in a day 184 0.67
Had multiple withdrawal symptoms 184 0.64
Unable to stop or cut down on smoking 189 0.38
Continued smoking to avoid withdrawal 182 0.30
Needed to smoke more to feel comfortable 185 0.29
Continued smoking despite physical problem 185 0.07
Chain smoker or smoking took a lot of time 191 0.05
Ran out of cigarettes sooner than expected 188 0.03
Gave up activities due to tobacco use 184 0.00
Abbreviations: cM - centimorgans.



























































































































































































































































Psychol Med. Author manuscript; available in PMC 2012 April 1.
